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Q (57) Abstract: A catheter and a method for using the catheter for site specific delivery of agents to or collecting agent fiom biological 
spaces. The catheter includes inflatable balloons which when inflated in a taigel segment of a biological space, create closed agent 
^ delivery pockets for the delivery or collection of agents from a defined space. 
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MULTI-BALLOON DRUG DELIVERY CATHETER FOR ANGIOGENESIS 
BACKGROUND OF THE INVENTION 

This inventicm relates generally to a catheter device and methods for the site- 
5 specific delivery ofagents to biological spaces in medical procedures. More 

particularly, the invention relates to a catheter device utilizing multiple balloons and a 
method of site-specific delivery of agents into blood vessels for treatment of the heart. 

Heart disease (atherosclerotic cardiovascular disease) is the leading cause of 
death in the United States. One form of heart disease is caused by the formation of 
10 sclerotic plaques within blood vessels. These plaques prevent blood from flowing 

fireely though vessels to the tissues the vessels supply. The most dangerous plaques are 
those which form in the coronary arteries, preventing the flow of oxygenated blood 
through the coronary arteries to the heart. 

There are generally two surgical procedures for treating heart disease. One 
15 procedure involves methods to increase blood supply to the effected areas of the heart 
by clearing sclerotic plaques from tiie existing vessels. In angioplasty, for example, a 
small dilating balloon is inserted into tiie vessel to open the vessel to increase blood 
flow. A second procedure involves providing new pathways for blood flow. New 
pathways can be created by grafting in vessels (coronary artery bypass surgery) or 
20 inducing the growth and development of new collateral vessels (thempeiitic 
angiogenesis). 

The induction of new collateral vessels can be achieved by injections of 
angiogenic agents directly into the heart tissue, vessels (coronary arteries), or the space 
surrounding the heart (pericardium). Direct injections of agents into the heart muscle 

25 or vessels can result in tissue injury, scarring and rapid washout of the agent away fix)m 
the target site. Furthermore, these direct injections require a surgical procedures which 
are more costly and require a longer recovery period than catheter based procedures. 

Catheters have been designed using occlusion balloons to create a pocket for 
drug delivery within a vessel. See, for example, U.S. Pat. No. 4,824,436 to Wolinsky, 

30 which has been incorporated by reference as if set forth herein. The balloons of the 
Wolinksy catheter prevent agents from escaping distally or proximally from the target 
zone of the vessel. One problem that this design does not address, however, is the 
washout of thp delivered therapeutic agent through side branch vessels which may be 
within the target vessel segment. 
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Particularly with injections into the coronary artery, side branches coining off of 
the coronary artery can siphon agents away very quickly, thus reducing the 
concentration of die agent and the duration during which the agent is in contact with the 
target tissue. The reduced concentration and the reduced tune of exposure make it less 
5 likely that the agent will have the desired effect on the target tissue. One way to 

address the washout through side branches is to use a catheter which occludes the side 
branches. 

Introducing an agent to the target vessel while the side branches are occluded 
allows the agent to be contained in a precise segment of the target vessel. This is 
10 beneficial in that: 1) a lower dose of drug can be used due to the low blood volume of 
the occluded vessel segment, 2) the low rate of escape via side branches allows a higher 
concentration of the agent to be maintained at the target site over a longer period, and 
3) the agents are kept out of systemic circulation where the agent may cause adverse 
side effects. 

IS However, the side branch vessels are small and thus difficult to access. A 

further concern is that in placing an occlusion balloon directly into a branch vessel it 
creates the risk that the vessel could be punctured (and damaged), which could lead to 
bleeding. Thus, a catheter device and method of delivering agents site-specifically to 
the target vessel which minimizes these risks is needed. 

20 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides an improved agent delivery catheter which 
obviates for practical purposes, the above mentioned limitations. 

One feature of the invention is a device for delivering an agent to a precise 
25 segment of a target vessel while minimizing diffusion of the agent into side branch 
vessels during catheterization of a defined target vessel. 

Another feature of the invention is a catheter device which allows for precise 
control of the agent delivery pocket at a defined target vessel, such as the coronary 
arteries. 
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In accordance with one aspect of the present invention, the catheter includes at 
least three inflatable balloons located at fixed positions along a shaft, wherein each 
baUoon has independent inflation controL 

In accordance with another aspect of the present invention, the catheter includes 
5 at least two inflatable balloons, wherein each balloon has independent inflation control. 
Further, the catheter may include a fixed distal balloon and a sliding proximal balloon. 

The catheters may include at least one lumen which communicates with the 
agent delivery pocket for the site specific introduction of agents into or collection of 
agents firom the target vessel segment. 

10 The catheto: may include at least one lumen, wherein the lumen contains a 

guidewire. 

The catheter may include marker bands on the shaft, such that the marker bands 
can be used to detect the position of the balloons relative to one another and/or relative 
to the branch vessels. 

1 5 The above described and many other features and attendant advantages of the 

present invention will become apparent fix>m a consideration of the following detailed 
description when considered in conjunction with the accompanying drawings. 

BRIEF DESCMFnON OF THE DRAWINGS 

Detailed description of the prefened embodiment of the invention will be made 
20 with reference to the accompanying drawingis. 

FIGURE 1 is a side elevational view of one embodiment of the present 
invention; 

FIGURES 2A-C are cross-sectional views of the shaft of the present invention. 
FIGURE 3 is a side elevational view of a second embodiment of the present 
25 invention; 

FIGURES 4A-C are cross-sectional views of the shaft of the present invention; 
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FIGURE S is a diagrammatic representation of the method of use of one 
embodiment of the catheter, 

FIGURE 6 is a diagrammatic representation of the method of use of an alternate 
embodiment of the catheter; 
5 FIGURE 7 is a diagrammatic representation of the method of use of another 

alternate embodiment of the catheter; and 

FIGURE 8 is a diagrammatic representation of the method of use of an yet 
another alternate embodiment of the catheter. 

10 DETAILED DESCRIPTION OF THE INVENTION 

This description is not to be taken in a limiting sense, but is made merely for the 
purpose of illustrating the general principles of the invention. The section titles and 
overall organization of the present detailed description are for the purpose of 
convenience only and are not intended to limit the present invention. 

15 As illustrated in FIGURE 1, one embodiment of the catheter 10, generally 

comprises a shaft 12 longitudinally movable within a vessel 2 along the catheter 
longitudinal axis 16. The catheter 10 has at the catheter distal end 14 a shaft distal tip 
18 A first balloon 20 is located proximal to the shaft distal tip liB along the catheter 
longitudinal axis 16, a second balloon 22 is located proximal to the first balloon 20, and 

20 a third balloon 24 is located proximal to the second balloon 22, Between the first 

balloon 20 and second balloon 22, is a first agent delivery segment 30, and between the 
second balloon 22 and third balloon 24 is a second agent delivery segment 32. Both the 
first agent delivery segment 30 and the second agent delivery segment 32 have orifices 
28 formed therein. 

25 At the catheter proximal end 26 are ports 34. The ports 34 communicate with 

the lumens of the shaft 12 allowing for access into the cattieter 10 by elements 
including, but not lunited to, guidewures 58, balloon mflation sources 64, and/or agent 
delivery sources 62. 
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As illustrated in FIGURE 2A, the shaft 12 has a shaft interior wall 36 and a 
shaft exterior wall 38. The shaft interior wall 36 defines a sliafi central lumen 40. 
Shaft peripheral lumens 42 are formed within the shaft 12 and are located between the 
shaft interior wall 36 and shaft exterior wall 38. Lumens extend longitudinally through 
S the shaft 12 interconnecting the open proximal end 26 and the closed distal end 14. At 
the first agent delivery segment 30 and the second agent deliveiy segment 32, orifices 
28 extend through the thickness of the shaft wall, such that at least one of the lumens 42 
of the shaft 12 is in communication with the shaft exterior wall 38, allowing for agents 
to be delivered or collected. Alternatively, lumens 42 may be formed in the shaft 12 so 
10 that the lumens are arranged linearly or axially around the cathet^ longitudinal axis 16 
(FIGURE IB). 

Inflation of the first balloon 20 and the second balloon 22 creates an annular 
delivery pocket 8 between vessel 2 and agent delivery segment 30 as shown in 
FIGinRE 2C. The agent can be infused through the orifices 28 into the agent delivery 
15 pocket 8 by introducing the agent into the lumen of the shaft via a port 34 in 

communication with a lumen of the shaft 12. In one embodiment, the agent can be 
introduced directly into the opening defined by the proximal end 26 of the shaft 12. 

In one embodunent, the shaft central lumen 40 provides access to a guidewire 
58, while three peripheral lumens 42 provide access to balloon inflation sources 64 for 
20 one each of the three balloons 20/22/24, and one peripheral lumen 42 provides access 
for an agent delivery source 62 and has orifices 28 extending therefinom to the shaft 
outer wall 38 for the delivery of agents to the agent delivery pocket 8 (FIGURE 2C). 

In an alternate embodiment, the shaft central lumen 40 provides access to a 
guidewire 58, while three peripheral lumens 38 provide access to balloon inflation 
25 sources for one each of the three balloons 20/22/24. Once the catheter 10 is in place, 
the guidewire 58 can be removed firom the shaft central lumen 40 allowing access for 
an agent delivery source 62. The shaft central lumen 40 may have has orifices 28 
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extending there&om to the shaft outer wall 34 for the delivery of agents to the agent 
delivery pocket 8. 

As illustrated in FIGURE 3, an alternate embodiment of die caflieter 110, 
generally comprises a first shaft 112 and a second shaft 114, the second shaft 114 being 
S longitudinally movable with respect to Ihe first shaft 112. 

The first shaft 112 has at the shaft distal end a first shaft distal tip 118, and a 
first balloon 120 is located proximal to the first shaft distal tip 118 along flie catheter 
longitudinal axis 16. Proximal to the first balloon 120 is an agent delivery segment 130 
ofthe first shaft 112, having orifices 28 formed Iherein. 



10 Proximal to the agent delivery segment 130 of first shaft 112 is a cuff 132, a 

raised portion ofthe first shaft 112 which prevents the second shaft 114 fiom sliding 
over the orifices 28 in the first shaft 112. The cufif 132 may be located outside ofthe 
first shaft exterior wall 138. The second shaft 114 has at its most distal end 154 a 
second shaft distal tip 152. 



15 At the proximal end of the catheter 126 are ports 34. The ports 34 communicate 

with the lumens of the first shaft 112 or the second shaft 114 allowing for access into 
the catheter 10 by elements including, but not limited to, guidewires 58, balloon 
inflation sources 64, and/or agent delivery sources 62. 



As illustrated in FIGURE 4A, the first shaft 112 has a first shaft interior wall 
20 136 and a first shaft exterior wall 138. The first shaft interior wall 136 defines a first 
shaft central lumen 140. First shaft peripheral lumens 142 are formed within the first 
shaft 112 and are located between the first shaft interior wall 136 and the first shaft 
exterior wall 138. Agent delivery segment 130 of the first shaft 112, orifices 28 are 
formed therein. The orifices 28 extend tiirough the thickness of the shaft wall, such 
25 that at least one Imnen of the first shaft 112 is in communication with the first shaft 
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exterior waD 138 allowing for agents to be delivered to the agent delivery pocket 8. 
The second shaft 114 has a second shaft interior wall 144 and a second shaft exterior 
wall 146. The second shaft interior wall defines a second shaft central lumen 148. 
Second shaft peripheral lumens 150 are formed within the second shaft 114 and are 
5 located between the second shaft interior wall 144 and the second shaft exterior wall 
146. 

In the embodiment illustrated in FIGURE 4, the second shaft 114 can be 
longitudinally movable along the first shaft 112. The second shaft central lumen 148 
can provide access to the first shaft 112. At least one lumen of fte second shaft 114 
10 can provide access for a balloon inflation source for the second balloon 122. At least 
one lumen of the first shaft 112 can provide access for a balloon inflation device for the 
first balloon 120. At least one lumen can provide access for an agent delivery source 
62, and at least one lumen can provide access to a guidewire 58. 

Alternatively, once the catheter 10 is in place, the guidewire 58 can be removed 
15 firom the first shaft central lumen 140 allowing access for an agent delivery source 62. 

The present invention also contemplates methods of using balloon occlusion 
catheters, such as catheter 10 or catheter 110, for the delivery or the collection of agents 
firom a vessel target segment 6 in vivo. When used to catheterize tibie vessel target 
segment 6, the balloons 20/22/24 or balloons 120/122 act to seal off segments of the 
20 vessel 2 based on the location of side branches 4 located along the proximal to distal 
length of the vessel 2, so that the agent does not flow away fix)m the target site. 
Further, the space between the balloons determines the volume of the agent delivery 
pocket 8. 

FIGURES 5A-D illustrate fee use of catheter 10 having three fixed occlusion 
25 balloons, as illustrated in FIGURE 1, to practice an exemplary method of the present 
invention. Those of ordinary skill in the art will appreciate that the invention can be 
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practiced with catheters having two or more fixed occlusion balloons without departing 
fiom the inventive teachings. In the method shown a guide catheter 56 can be 
introduced into the vessel 2, to the target segment 6. The user may inject a contrast dye 
into the vessel via die guide catheter 56, in order to determine the location of the side 
5 branches 4 relative to flie target segment 6 by obtaining images of side branch runoff. 
The catheter 10, when inserted into the guide catheter 56, has the first, second and third 
balloons 20/22/24 deflated. The catheter distal end 14 can then be inserted or 
introduced into the guide catheter 56 by applying pressure to the catheter 10 along its 
longitudinal axis 16 (thick arrow; FIG. SB). When the catheter 10 is advanced 

10 proximal to the vessel target segment, the user may inject additional contrast dye into 
the vessel via the guide catheter 56, in order to determine the location of balloons 
relative to the side branches 4 (thin arrows; FIG. 5C). The catheter 10 can then be 
adjusted longitudinally within the vessel 2, such that when the balloons are inflated, the 
side branches 4 will be blocked. The balloons 20/22^4 can then each be inflated by a 

1 5 balloon inflation source in communication with a port 34 and lumen in the shaft 12 
(FIG. 5D). After ttie balloons are inflated, contrast media can again be injected 
through the drug delivery lumens to test for runoff of the contrast media prior to 
injecting the therapeutic agent. 

In the alternative ^bodiment shown in FIGS. 6A-D, the balloons do not have 
20 to cover the side branch. In general, the catheter is used similarly to the embodiment 
shown in FIGS. 5A-D. In this embodunent, however, as shown in FIG. 6D, the 
intermediate balloon 22 might cover the intermediate side branch 106, but the most 
distal balloon 20 can be inflated just upstream of the most distal side branch 104 and 
the most proximal balloon 24 can be inflated just downstream of the most proximal side 
25 branch 108 to form delivery pockets therebetween. So long as the balloons effectively 
preclude runoflf through the side branches the placement of the balloons can be varied 
in this &shion and still be used to practice flie present invention. 

Since each balloon 20/22/24 has independent inflation control, any one or any 
combination of the balloons can be inflated depending on the length and volume of the 
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desired agent delivery pocket 8. For example, balloons 20 and 24 could be inflated and 
balloon 22 could remain deflated in the instance where there is no side branch in the 
region between balloons 20 and 24. Similarly, balloons 20 and 22 could be inflated 
while leaving 24 deflated or balloons 22 and 24 could be inflated leaving 20 deflated. 
5 Agents can then be infused or collected via the orifices 28 in the first and/or second 
agent delivery segment 30/32 the agent delivery pocket 8. The catheter 10 can be left 
in place with the balloons inflated for a duration of time sufficient for the agent to have 
desired effect 

As will be appreciated by those of ordinary skill in the art, the general principle 
10 of the invention could be practiced with a catheter having two fixed occlusion balloons. 
In that case, the catheter can be moved sequentially throughout the vessel and the 
procedure can be repeated in certain targeted areas between side branches. In other 
embodiments, the catheter could be provided with foiu: or more occlusion balloons and 
the clinician could practice the invention by selectively inflating whichever 
1 5 combination of balloons provides the maximum isolation and infusion of the 
therapeutic agent while precluding washout via a side branch. 

In yet another embodiment the placement of the balloons on the catheter is 
designed to correlate with the average or typical distance between the side branches. 
This would help to insure that each balloon functions to occlude a side branch. In light 
20 of what is known about the anatomies of various vessels to be treated it would be 
possible to strategically locate the fixed occlusion baUoons along the catheter to 
maximize the infusion of the therapeutic agent. 

Another exemplary embodiment is illustrated in FIGURE 7A-E which allows 
for the length of the deliveiy pocket 8 to be controlled by moving one balloon 
25 longitudinally relative to the other. A guide catheter 56 can be introduced into the 

target vessel 2, to the target segment 6 of the vessel. The user may inject a contrast dye 
into the vessel via the guide catheter 56, in order to determine the location of side 
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branches 4 relative to tiie target segment 6 by obtaining ims^es of side bianch run off 
(FIG. 7A). The catheter 110 when inserted into the guide catheter 56 has the first and 
second balloons 120/122 deflated (FIG. 7B). When the catheter 110 is advanced to be 
proximal to the target segment 6, tib.e user may inject additional contrast dye into the 
5 vessel 14 via the guide catheter 56, in order to determine the location of balloons 

120/122 relative to the side branches 4 (thin arrows; FIG. 7C). The Gxst balloon 120 of 
the first shaft 112 is advanced such that it distally passes that target segment 6. The 
first balloon 120 can then be inflated by a balloon inflation source in communication 
with a port 34 and lumen in the first shaft 112 (FIG. 67). The second shaft 114 can 

10 then be moved longitudinally along the first shaft 112 (FIG. 7D; double headed arrow), 
such that the second balloon 122 is placed at the proximal end of the target segment 6 
(FIG, 7E). The cuff 132 prevents the second balloon 122 fi:om sliding over and 
covering the orifices 28 in the agent delivery segment 126 of the first shaft 112. The 
second balloon 122 can then be inflated by a balloon inflation source in conmiunication 

15 with a port 30 and lumen in the second shaft 114 (FIG.6E). As in the first method, 
contrast media can be injected through the drug delivery lumens after the balloons are 
inflated to test for runoff of the contmst media prior to injecting die flierapeutic agent 



The relative position of the first and second balloons 120/122 can be fixed, for 
example, by using a homeostasis valve on the proximal end of the second shaft 114. 
20 Agents can then be infused or collected via the orifices 28 in the agent delivery 

segment 126 to the agent delivery pocket 8. The catheter 110 can be left in place with 
the balloons 120/122 inflated for a duration of time sufGcient for the agent to have 
desired effect. 



In yet another alternate embodiment, as shown in FIGS. 8A-E, the balloons do 
25 not have to cover the side branch. In this case, distal balloon 120 can be inflated just 
upstream of the most distal side branch 204 and proximal balloon 122 can be inflated 
just downstream of the most proximal side branch 206 to form delivery pocket 8 
therebetween. Again, so long as the balloons effectively preclude runoff through die 
side branches the placement of the balloons can be varied in this fashion and still be 
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used to practice the present invention. Although tiiie present invention has been 
described in terms of the pieferted embodiment above, numerous modifications and/or 
additions to the above-described preferred embodiments would be readily apparent to 
one skilled in the art. Those of ordinary skill in the art will appreciate that the 
5 invention can be practiced with catheters having two or more occlusion balloons which 
can be moved relative to one another without departing firom the inventive teachings. 
This would permit the clinician to treat two or more treatment segments at the same 
time without having to move the catheter. 

The catheter shafts can be made of materials including, but not limited to 
10 polymers, natural or synthetic rubber, metal and plastic or combinations thereof, nylon, 
Pebax, nylon/Pebax blend, Hytrel® and polyethylene. The shaft materials can be 
selected so as to maximize column strength to the longitudinal length of the shaft. 
Further, the shaft materials can be braided, so as to provide sufficient column strength. 
The shaft materials can also be selected so as to allow the second shaft 114 to move 
15 smoothly along the first shaft 112 of the catheter 10/110 and/or to allow the device to 
move smoothly within a guide catheter 56. The catheter 10/110 can also be provided 
with a lubricious coating as well as antimicrobial and antithrombogenic coatings, as are 
known to those of skill in the art The shaft materials can also be selected so as to 
maximize bonding of the shaft to the balloon materials. The shaft materials should be 
20 selected so as not to interfere with the efficacy of the agent to be delivered or collected. 
This interference may take the form of absorbing the agent, adhering to the agent or 
altering the agent in any way, for example. ^ 

In some embodiments, the catheter 10 can be used with a guide catheter 56 to 
assist in guiding tiie catheter 10 to the target segment 6 of the vessel . Such guide 
25 catheters 56 are preferably about 6-8 Fr in diameter. 

The catheter shafts to be used in coronary arteries are preferably between about 
3-5 Fr. in diameter and most preferably about 3 Fr. The catheter shafts to be used in 
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peripheral vessels are preferably between about 5-8 Fr. in diameter and most 
preferably about 5 Fr. 

The shaft distal tip 18/118 can be either blunt or sharp, tapered or untapered. 
Further, shaft distal tip 18/118 is preferably closed at the most distal end. The distal tip 
5 can also be ladio-opaque to aid in the visualization during a catheterization. 

The balloons can be made of materials including, but not limited to Kraton®, 
polyurethane, polyolefin or any other biocompatible, elastometric material, or other soft 
materials. The materials of the balloons may be selected so as to maximize pliability 
and/or reduce the risk of damage to tissues. The balloon materials should be selected 
10 so as not to interfere with the efficacy of the agent to be deUvered or collected. A 

balloon inflation source can be a syringe in communication with lumen of the shafts via 
proximal ports 34 or other inflation sources known to those skilled in the art. The 
syringe can contain contrast media or gas or other fluids known to those skilled in the 
art to be safe and effective for inflating the balloon. 

1 5 The balloons used for coronary arteries when inflated are preferably 2 to 4 mm 

in diameter. The balloons used for peripheral vessels when inflated are preferably 5- 
10 mm in diameter. The balloons are preferably between about 1-2 cm in length. The 
balloons are most preferably about 1 cm long. However, the length and diameter of the 
balloons can be selected so as to minimize tissue damage. In the embodiments where 

20 the balloons are a fixed distance apart, there are preferably 1 cm agent delivery 

segments of shaft between the balloons. In the embodiments where the balloons move 
relative to one another, there are preferably S-20 mm agent delivery segments of shaft 
between the balloons. 



25 



In another alternate embodiment, as few as one or all of the balloons could be 
made of microporous materials so that agents are delivered by balloon instead of or in 
addition to the orifices 28. 
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The force exerted against the vessel interior is sufBciently great enough to hold 
die catheter 10 in a stationary position within the vessel after withdrawal of the 
guidewire 58. However, the force is not so great as to damage the interior sur&ce of 
the vessel. 

In the embodiments wheze guidewires 58 are used, where the catheter 10 is 
being used in the coronary arteries, the guidewire 58 is preferably about 0.014 inches in 
diameter. Where the catheter 10 is being used in the peripheral arteries, the guidewire 
58 is preferably about 0.03S inches m diameter. 

Where guidewires 58 are used witibi the catheter 10, the guidewires 58 can be 
made of materials including, but not limited to stainless steel. The guidewire 58 
materials can be selected such that the surface of the guidewire 58 moves smoothly 
within the lumen of the shaft. The guidewires 58 are preferably from about 0.01 to 
.038 inches, and most preferably from about 0.014 to about 0.0351 inches in diameter. 

In another alternate embodiment, the guidewire 58 may be hollow and serve as 
a pathway for the delivery of agents during catheter 10 use or may remain in place in 
the target segment 6 after removal of the catheter 10. 

The catheter 10 can be visualized by techniques including, but not limited to, 
thorascopic, fluoroscopic or ultrasonic visualization to determine its position in a vessel 
and relative to the vessel side branches 4. Alternatively, imaging systems, such as the 
Webster-Biosense NOGA system or ultrasound systems, such as the Mayo-Accuson 
Inside-Out system may be used to determine the position of the catheter 10 in vivo. 
Further, contrast angiography can be used to identify the location of vessel side 
branches 4 relative to the target segment 6. 

In some embodiments the inner and/or outer shafts may include marker bands 
60, such that the marker bands 60 can be used to detect the position of the balloons 
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and/or shafts relative to one another or relative to the vessel side branches 4. The 
maricer bands 60 can be made of materials including, but not limited to platinum» 
tantalum and/or platinum bands, foils, strips or other suitable radio-opaque material 
which can be incorporated into the shaft walls or placed on the sur&ce. In some 
S embodiments, a guidewire 58 can be advanced through the catheter 10 into tiie vessel to 
confirm the position in the vessel. In some embodiments, radio-opaque markers at the 
shaft distal end 18/118 can be used to visualize the location of the catheter 10 using 
fluoroscopic techniques during the procedure. 

Agents include any one of or a combination of several agents which are gas, 
liquid or solid which may be delivered or collected from the vessel for therapeutic or 
diagnostic purposes. Therapeutic agents include biologically active substances, or 
substances capable of eliciting a biological response, including, but not limited to 
endogenous substances (growth factors or cytokines, including, but not limited to basic 
fibroblast growth fector, acidic fibroblast growth factor, vascular endothelial growth 
factor, angiogenic factors ), viral vectors, DNA capable of expressing proteins, 
sustained release polymers, unmodified or modified cells. Therapeutic agents can 
include angiogenic agents which induce the formation of new blood vessels. 
Therapeutic agents can also include anti-stenosis or anti-restenosis agents which are 
used to treat the narrowing of blood vessel walls. For diagnostic purposes, imaging 
fluid may be injected into tiie vessel for fluid imaging of the vessel and fluid may be 
withdrawn for diagnostic analysis. Further, electrical devices may be implanted to 
detect electrical signals in the vessel or deliver Ihem to the vessel. 

The rate of deUvery of agents to the agent delivery pocket 8 between the 
balloons can be selected so as to reduce tissue damage. The rate of delivery of agent 
25 can depend upon at least the size and number of orifices 28 and the pressure und^ 

which the agent is passed through the orifices 28. The rate of delivery can be controlled 
by osmotic pump, for example. An agent delivery or collection device can be a syringe 
in communication with a lumen via a port 30 in the iimer shaft 12, or an infiision pump 
for slow, metered delivery. 



15 
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Odier target spaces which may be accessed by this catheter 10 include but are 
not limited to any other hollow viscera of the body such as any of flie blood vessels of 
the cardiovascular system (arteries and veins), vessels of the lymphatic system, the 
intestinal tract, the portal-caval system of the liver, the gall bladder and bile duct, the 
S urinary system, tiie respiratory system, and ducts of the endocrine and exocrine organs, 
reproductive oigans. 

In closing, it is noted that specific illustrative embodimrats of the invention 
have been disclosed hereinabove. However, it is to be understood that the invention is 
not limited to these specific embodiments. Accordingly, the invention is not limited to 
10 the precise embodiments described in detail hereinabove. With respect to the claims, it 
is applicant's intention that the claims not be interpreted in accordance with the sixth 
paragraph of 35 U.S.C. § 1 12 unless the term "means" is used followed by a functional 
statement. Further, with respect to the claims, it should be understood that any of the 
claims described below can be combined in any way for the purposes of the invention. 
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Whatisclauned is: 

1 . A catheter for delivering agents to a defined biological space in vivo 
comprising: 

S a catheter shaft having a proximal end and a distal end; 

a jSrst balloon proximal to said catheter shaft distal end; 
a second balloon proximal to said first balloon; 
a third balloon located proximal to said second balloon; 
a first agent delivery segment on said catheter shaft between said first 
10 balloon and said second balloon; and 

a second agent delivery segment on said catheter shaft between said second 
balloon and said diird balloon. 

2. The catheter of claim 1 wherein the biological space is a blood vessel 
1 5 having side branches and the distance between said first balloon and said second 

balloon correlates with the average or typical distance between Ifae blood vessel side 
branches. 

3. The catheter of claim 1 wherein the biological space is a blood vessel 
20 having side branches and the distance between said second balloon and said third 

balloon correlates with the average or typical distance between the blood vessel side 
branches. 

4. The catheter of claim 1 wherein said first agent delivery segment and 
25 said second agent delivery segment have orifices therein for delivering agents to the 

biological space. 

5. The catheter of claim 1, ftirther comprising marker bands on said 
catheter shaft. 

30 
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6. The catheter of claim 1 wherein said catheter shaft further comprises 
a £b:st balloon inflation lumen in communication with said first balloon, a second 
balloon inflation lumen in communication with said second balloon, a third balloon 
inflation lumen in communication with said third balloon, and a fourth lumen in 

5 communication with an agent delivery source. 

7. The catheter of claim 6, further comprising a plurality of ports at said 
catheter proximal end, said ports being in communication with at least one said four 
lumens. 

10 

8. The catheter of claim 6, wherein one of said ports is in 
communication with the agent delivery source and said fourth lumen for delivery of 
the agent to the biological space. 

15 9 The callieter of claim 1 , wherein flie biological space is a coronary 

artery. 

10. The catheter of claim 9, wherein the agent is an angiogenic agent. 

20 11. The catheter of claim 9, wherein the agent is an anti-stenosis agent 

12. A catheter for delivering agents to a defined biological space in vivo 
comprising: 

a first catheter shaft having a first shaft distal tip and a first balloon proximal 
25 to said first shaft distal tip; and 

a second catheter shaft longitudinally movable with respect to said first 
catheter shaft, said second catheter shaft having a second shaft distal tip and a 
second balloon proximal to said second shaft distal tip. 
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1 3 . The catheter of claim 12 wherein said first catheter shaft further 
comprises an agent delivery segment proximal to said jfiist balloon, said agent 
delivery segment having orifices therein. 

5 14. The catheter of claim 13 wherein said first catheter shaft further 

conqmses a cuff proximal to said agent deliveiy segment. 

15. The catheter of claim 14 wherein said cuff comprises a raised portion 
of said first catheter shaft which prevents said second catheter shaft from sliding 

1 0 over said orifices. 

16. The catheter of claim 15 wherein said cuff is located on the perimeter 
of said first catheter shaft 

15 16. The catheter of claim 1 1 wherein said first catheter shaft comprises at 

least two Imnens, a first inflation lumen in communication with said first balloon, 
and an agent delivery lumen in communication with an agent delivery source and 
said catheter second shaft comprises at least a second inflation lumen in i 
communication with a second inflatable balloon. 

20 

1 7. The catheter of claim 1 1 , wherem said second ca&eter shaft is 
longitudinally movable along said first catheter shaft 

18. A method for delivering agents to a defined biological space having 
25 side branches comprising: 

(a) providing a catheter comprising: 

a catheter shaft having a proximal end and a distal end; 
a first balloon proximal to said catheter shaft distal end; 
a second balloon proximal to said first balloon and placed at a 
30 distance relative to said first balloon to corxelate with the average or typical distance 
between the side branches; and 
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a first agent deliveiy segment on said catheter shaft between said first 
balloon and said second balloon; 

(b) guiding said catheter shaft distal end to a proximal end of a target 
segment in vivo, 

5 (c) aligning said first and said second balloons in relation to the side 

branches to create a defined space within the target segment 

(d) inflating said first and second balloons; 

(e) forming an agent deliveiy pocket in said defined space between said first 
and said second balloons; 

10 (f) infusing an agent into an agent delivery pocket via orifices in said agent 

dehvery segment; 

(g) deflating said first and said second balloons; and 

(h) withdrawing said catheter fiom the biological space. 

IS 19. The method of claim 1 8 wherein said first and second balloons are 

aligned in register with the side branches to create said defined space. 



20. The method of claim 1 8 wherein said first and second balloons are 
aligned between the side branches and the target segment so that the side branches 
20 are beyond the terminus of each said balloon. 



21. A method for delivering agents to a defined biological space having 
side branches comprising: 

(a) providing a catheter comprising: 
25 a catheter shaft having a proximal end and a distal end; 

a first balloon proximal to said catheter shaft distal end; 
a second balloon proximal to said first balloon; 
a third balloon located proximal to said second balloon; 
a first agent delivery segment on said catheter shaft between said first 
30 balloon and said second balloon; and 
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a second agent delivery segment on said catheter shaft between said 
second balloon and said third balloon; 

(b) guiding said catheter shaft distal end to a proximal end of a target 
segment in vivo, 

. 5 (c) aligning two or more of said first, second and third balloons in relation to 

the side branches to create a defined space wilfain the target segment; 

(d) inflating at least two of said first, second and third balloons; 

(e) forming at least one agent delivery pocket in said defined space between 
at least two of said first, second and third balloons; 

10 (f) infiising an agent into said at least one agent delivery pocket via orifices 

in at least said first or said second agent delivery segment; 

(g) deflating said at least two of said first, second and third balloons; and 

(h) withdrawing said catheter fix)m the biological space. 



15 22. The method of claim 21 wherein said first, second, and third balloons 

are aligned in register with the side branches to create said defined space. 

23. The method of claim 21 wherein said first, second, and third balloons 
are aligned between the side branches and the target segment so that die side 
20 branches are beyond a terminus of each said balloon. 



24. The method of claim 21 wherein said first, second and third balloons 
are placed at a distance relative to each other to correlate with the average or typical 
distance between the side branches. 

25 

25. The method of claim 21 wherein prior to said withdrawing step (h), 
another target segment is selected and steps (b) through (g) are repeated. 



30 



26. The method of claim 21 wherein prior to said withdrawing step (h), 
other target segments are selected and steps (b) through (g) are repeated as many 
times as necessary. 
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27. A method for delivering agents to a defined biological space 
comprising: 

(a) providing a catheter comprising: 

5 a first catheter shaft having a first shaft distal tip, a first balloon 

pioximal to said first shaft distal tip, and an agent delivery segment having orifices 
therein, proximal to said first balloon; and 

a second catheter shaft longitudinally movable with respect to said 
first catheter shaft, said second catheter shaft having a second shaft distal tip and a 
10 second balloon proximal to said second shaft distal tip; 

(b) guiding said first shaft distal tip to a proximal end of a first target 
segment in vivo; 

(c) inflating said first balloon on the proximal end of said first shaft; 

(d) adjusting said second shaft longitudinally relative to said first shaft to 
1 5 position said second balloon at the distal end of the first target segment; 

(e) inflating said second balloon to form a closed agent delivery pocket 
between said first balloon and said second balloon; 

(Q infiising an agent into the agent delivery pocket via said orifices in said 
agent delivery segment of said first shaf^ 
20 (g) deflating said first and second balloons; and 

(h) withdrawing said catheter from the biological space. 

28. The method of claim 27 ftirther comprising the steps of aligning said 
first balloon in register with a side branch within the first target segment prior to 

25 inflating said first balloon, and aligning said second balloon in register with a side 
branch within the first target segment prior to inflating said second balloon. 

29. The method of claim 27 wherein prior to said withdrawing step (h), 
another target segment is selected and steps (b) through (g) are repeated. 



30 
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30. The method of claim 29 further comprising the steps of aligning said 
first balloon in register with a side branch within the second target segment prior to 
inflating said first balloon, and aligning said second balloon in register with a side 
branch within the second target segment prior to inflating said second ball 

5 

3 1 . The me&od of claim 27 wherein prior to said withdrawing step (h), 
other target segments aie selected and steps (b) through (g) are repeated as many 
times as necessazy. 

10 32. The method of claim 3 1 further comprising the steps of aligning said 

first balloon in register with a side branch within the second target segment prior to 
inflating said first balloon, and aligning said second balloon in register with a side 
branch within the second target segment prior to inflating said second balloon. 

IS 33 . The method of claim 27, wherein the biological space is a coronary 

artery. 

34. The method of claim 27, wherein the biological agent is an 
angiogenic agent 

20 

35. A method for delivering agents to a target segment within a 
biological vessel comprising: 

(a) injecting contrast dye into the vessel in order to determine the location of 
side branches relative to the target segment of the vessel; 
25 (b) using said contrast dye to obtain images of side branch runoff; 

(c) inserting a balloon catheter having two or more balloons into the vessel; 

(d) keeping said balloons deflated and advancing said balloon catheter 
proximal to the vessel target segment; 

(e) adjusting said balloon catheter so that when said balloons are inflated the 
30 side branches are blocked; 

(f) inflating two or more of said balloons to create the target segment; and 
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(h) injecting a theiapeutic ageat wilbin the target segment 

36. The method of claim 35 further comprising the step of injecting 
additional contrast dye into the vessel prior to adjusting said balloon catheter in 

5 order to determine the locations of said balloons relative to the side branches. 

37. The method of claim 35 further comprising the step of injecting 
additional contrast dye into to vessel after said balloons are inflated to test for runoff 
of the contrast media prior to injecting said therapeutic agent. 

10 

38. The method of claim 35 further comprising the step of providing a guide 
catheter capable of introducing contrast media and a balloon catheter into the vessel 
and thereafter injecting said contrast dye via said guide catheter and introducing said 
balloon catheter through said guide catheter. 

15 
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FIG. 2C 
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FIG. 4A 





FIG. 4B 
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